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QUANTITATIVE INVESTIGATIONS OF ATMOSPHERIC
MOTIONS BY MEANS OF RADIOACTIVE TRACERS

Karol I.L., Malakhov S5.G., Vilenski V.D., Dmitrieva G.V., -
®rasnopievizev Y.V,, Kirichenko L.V., Ssissiguina T.I.

Introduction, The use of radiocactive isotopes in meteoroldagical
investigations as air mass, cloud element and precipitation marks
was widely discussed in the literature (see for example I'I}). Used.
as such tracers, natural radioactive nuclides (radon, thoron and
their decay products) erriving into the atmosphere from the ground,
or produced there by cosmic rays, possess a number of advantages
compared with artificial isotopes (nuclear explosion products).
Sources of natural atmospheric radioactivity are relatively well
studied. They are approximately stationary and so located, that
transport of isotopes in the troposphere and lower stratosphere
occurs both ~ upward (radon, thoron and their decay products) and
downward (cosmic-ray-produced isotopes), This permits besides the
quantitative study of air mass motions to estimate parameters of a
geries of atmospheric processes, ‘

In the present paper a geries of such investigations, based
on measurements of radon and its decay product containelin air and
precipitation are summarized., These isotopes are used for estimating
vertical turbulent diffusion parameters in the lower troposphere
(§2) in the stratosphere (§2) and also the rate of exchange through
the tropopause or between the sfratbspheres of both hémiepheres
(§2). In § 3 these isotopes are used for the determination of
waghout rate of radioactive zerosols from the troposphere, and in
§ 4 they are applied together with some artificiel isotopes for

. qualitative synoptic investigations.
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§ 1. Estimation of the vertical turbulent diffusion
coefficient from the vertical profile of radoa and its short
lived decay product concentration

For the determination of Kg from the measured vertical
concentration distribution of A’n, or of its decay products, a
theoretical formula is usually developed containing A/;_: as a
parameter. The value of /(E is then estimated from the condition
for a best coincidence of the theoretical and measured concentration
distribution [1] .

In the ground atmospheric layer  with the resdon source assu:ned
to be a uniformly and continuously emanating plane, the problem
of developing a theoretical formula for the vertical volume
concentration distribution may be considered one-dimensioral and
stationary. Under certain boundary conditior, the solution of the
-equations for turbulent diffusion ,?n gives the following
-expressions for the above congidered distributions depending on

“the law governiog the K,  variation with altitude g [2,3,4] :
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The following notation is used here: /l — radioactive decay

constant; E - exhalation rate: %0: E/W) |
A/: []o (:cu) = 11(1"}4)] /[ K, Cxu) - Kf (xn)]; Kg(x)’ J), (x)

are modified Bessel functions: x:,@J./l 2'724;' Xy, = 1/2_.” >
B - an arbitrary congtant: 0 < n <« 1 and depends on the

ground layer stratification.
By use of these formulae the value of I(Z ig estimated from

the radon concentration ratio at two levels, or from the ratio of
radon concentration at one level to the exhalation rate E [I]
For the ground layer of the atmosphere the data of l{,

(value of K, at the I m level) are given in ‘Yable I for the
ground inversion conditions and for H=IO m. For comp arison
T meteorological estimates of k, are also given in Table I. The

ratio q,(fm)/E as a function of lc‘, is expressed in Fig. 1 as
result of measurements under convection conditions and of calculations
by means of formula /1I.3/ for H=40 m. Good qualitative agreement
between experimental and theoretical data was obtained in both

cases, although sometimes essential quantitative disagreement was

observed-» ‘ "
In the boundary layer of the atmosphere we carriedVconcentration

' measurements at seven levels of the meteorological tower in the
layer 0-300 m. The estimates of /(3 obtained by means of formula
/Z.4/ under pround inversion conditions are given in ‘lable IT [6] .

In the free troposphere the aircraft measurements of vertical

profiles of short - lived radon daughters in different regions of
the U.S.S.R. under the different meteorciogical conditions allowed

to obtain estimates of 2 by means of formlae /I.4/ and
/I.1/. Some of them are piven in Table III.

Systematic observations of Rn and its short-lived decay product
concentration distribution are useful not only for estimating A,
but also for studying other meteorological processes, such as genesis
development and destruction of inversions, development of convection

' streams, etc. Average exhalation rates for regions with linear di-
mensions of I-3 thousand km were estimated by means of radon con- ‘
centration vertical profile integration in the troposphere. In
different regions of the U.5.8.R. these values vary from 0.9 to

"8.0 . 10'13 cu/mzsec. :
-3 - ,

»
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We calculated the Rn concentration vertical profile distortion
in the ground layer of the atmosphere , caused by the spatial
inhomogenity of exhalation rate taking into account the average
wind speed and for 2= k, 2 f-n . For the doubling of Rn
concentration at the T m level over the leeward boundary of the
high exhalation rate zone with E‘: IOE = 2 = 4':IO"I2 cu/m2 sec the
linear dimension L of this zone should be LT km, for the same
effect at the I00 m level : L ~ 50 km. Thus, with increasing
eltitude the small inhomogenities in E are rapidly smoothed out,

§ 2. Estimates of average exchangs parameters in the
stratosphere from its RaD (Pb_dlu) content measurements

The method of determination of the vertical turbulent diffusion
coefficient KE propozed in § 1, is applied here for estimating
the z value in the lower s;ggtosphere. For this purpose the mean
mouthly concentrations of Pb (RaD) - long-lived isotope of
radon decéy chain with T,A = 22,3 years was used, These concen—
trations were obtained by aircraft measurements at latitudes 70°N,
35°N, 10°N, 40°S end at levels: 4,65 7,6, I2, I5; I6 and 20 km in
‘May I960-6T and in November I960 [7] (Fie. 2).

The mathematical problem of congtructing a vertical profile
of the Ra D concentration in the upper troposphere and lower
stratosphere may as a first approximation be considered stationafy
and one dimensional , since as seen from Fig. 2 at the tropopause
level and higher this concentration was slmost independent of
iatitude and was decreasing with altitude about equally during both
months of observations. ‘ A

For the stationary model of the atmosphere, consisting of
the fcllowing layers: I-the lower troposphere (the layer of serosols
washout ¥y clouds and precipitation); 2 - the upper troposphere snd
3 - the stratvosphere, integration of a syétem of turbulent diffusion
ordinary differential equations with suitable boundary conditions
gives the following expression for the concentration ¢ (z,w) per
air mass unit of Ra D atom fraction, which is connected in the lower
stratosphere with aerosols having & gravitational velocity w:

‘c(z,w) =F QIP.M (z-h)]; 2>h (2.)

3 Ja
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where F (w,....) and ﬂ(w, ’(2 ....) are independent of z;
z=hqy is the tropopause height.

It can be assumed that the distribution in the stratasphere
of the number of serosol particles n(r) by their radii + has a
density

qln/o/ ln r :ﬂk.r’u‘ ;o k=11, (2.2)

where: Ak_ =congt., &)= 0 for Aitken nuclei with radii of the
order of V= Io'é/'u, < reys= IO'Eu ; X, = 3 for large
particles (Junge sulphate particles) having r< rLhy= T,0u
[’Z 8] . Assuming that the average number of ReD atoms per aerosol
particle is about Bl” (B =const, and I < m< 3), the following
expreassion of the summary RsD concentration over all fractions

of the stratospheric aerosol is aobtained:

(‘,Cz)-g e (z, w)JQM Q(m)(n,'”)=55"mg;rl dr. (2.3)

{m (m
The density dQ /J)‘ or dQ )/(JW of distribution having
a sherp maximum, corresponding ta V=V, , w=W, , the
assumption of

. W:. {m)
:efcla[ﬂ*(z-lw)]g Ll b= exp[, (a-h)]F,
ﬂ* ﬂng may be made with sufficient accuracy.

Fronm the average values of P"" which are determined from

the retio of RaD concentrations, measured at two stratosphere

| levels,values aof Kz , Shown in Table IV are obtained for V19, =0,03/1)‘
0 J/u and 0O I/u as the range of variebility and the most
probable value of r, regpectively [8] .

‘Table IV shows that maxima values of K are observed in
epring in temperate latitudes of both hemispheres, and the minime
ones - in the equatorial zone .Thia corresponds to the existing
qualitative plcture of seasonal and latitudinel variatious of
in the stratosphere, which is obtained from the observations of
the nuc:\tear explosious debris propagation [7] .The order of
v magnitude of KE is close to the estimates obtained in [7],

. though its velue.is & little lower, -
183
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The values of K; in troposphere and stralosphere obtained
here and in § I together with the estimates of the average radon.
exhelation rate E and above mentioned RaD concentration data in
a free atmosphere permita to find the average rates of exchange
through the tropopause and between the stratospheres of both
hemispheres. Fig.2 showsg that the meridional distribution of RaD
concentration at the 4 6 km level is similiar to the land area
distribution over the entire zonal belt area. The land areas in
the northern hemisphere being three times that of the southern one,
Rn enters the stratosphere mostly in the northern hemisphere
producing there RaD. The camparatively long residence time of RaD
in the stratosphere leads to the levelling of its content in both
hemispheres and a summsry withdrewsl of RaD from the southern
hemisphere stratosphere occurs.

The annual mean values of all the Rn and RaD fluxes were
calculated as arithmetic means of their values for May and November
in extratropical latitudes. Values of Kz and thege fluxes obtsined
from measurements in latitude TO®N are considered tc be valid for
the belt 90° = 50°N, those from latitude 35°N - for the belt
50°-20°N and from 40°S - for the belt 20-90°S. The fluxes of Rn
and RaD through the tropopause of belt 20°N - 20°S are congidered
to be negligibly emall becguse of the strong stability of the
tropical stratosphere (.this is supported by observations of the
stratospheric fallout of nuclear bomb debris [’T])

The following notation is introduced here: I, (Ig) - annual
mean number of RaD atoms in the stratosphere of the northern
(southern) hemisphere (in the layer between the tropopause l‘T

% $a:m levels); ,
N ('[TT ) - annuel Rn atoms influx in the stratosphere af
?(?D) (Ra]) northern (southern) hemisphere;
' T ’ (ﬂ' * ) - annual 3,I% decrease of RaD in the stratosphere
of the northern (southern) hemisphere due to
(RaD) radicactive decay;
- annuel summary flux of RaD from the siratosphere

T

Nas af the northern to the stratosphere of the
(RaD) . southern hemisphere;
.”s-»'r - annual outflux of RaD from the stratosphere to
: ' 383 the troposphere of the southern hemisphere,
-

o
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From the obwlious balance equations far the stratosphere of
the : a/ northern hemisphere; b/ southern hemisphere
a) ."(Rn)‘ _ ﬂuza\b)~ !(Rab) o ) T{(m) . 1T(;e,,) ) U(R@l T (RaD)

TN N 7 UN-s N3 T—s s Usor
and for the three groups af the Kz values given in Table IV 4
the values of these fluxes are obtained and listed in Table V. *
The values of ‘

o (Rn) (RaD) (RaD)
LN':IA//HT_”/ > ’ters/nsﬁ-r ; W—>5=IA//U,,_,S

regidence time of the RaD atoms in the stratospheres of both
hemispheres are also given in Teble V. These values are obtained
under the assumption that as a first approximation the exchange -
between these reservairs obey first order kinetics laws . T,, T '
and T,J_,S are close to one anothr and also to the known estimetes
of alr mass exchange rates between the tropospheres and stratospheres
of both hemispheres [7,9]..
The last column of Table V shows, that the annual increase
of ReD atoms in the stratosphere of the southern hemisphere from
the decay of Rn of this hemisphere is about 20% of their infux from
the atratosphere of the northern hemisphere.

§ 3. Estimation of the¢ mean remouval rate from the
troposphere of natural rsadicactive aeroscls by

clouds and precipitations

The simultaneous measurements of Rn and its long-lived decay
product content in the ground-level air gnd in the precipitations
- are used for the determination of the mean remauval rate of these
substances from the atmosphere. This quantiiy characterizes the
remouval rate of aerosols being carriers of the isotopes under
congideration [I] .

The average residence time T of natural radioactive aerosols
in the atmosphere ia usually determined by the disturbance of the
radioasctive equilibrium relation between the concentrations of radon
decsy chain elements measured in ground air snd in precipitati‘on

*) It can be shown that no significant smount of RaeD atoms enters
the stratosphere from the tropasphere.

. 383 _ -
-7 =
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from the folloﬂng equality:
Aisq 945 (A +4;) 9. (3.1)

in which % ~ is the concentration efthe chain isotope
. expressed in atoms per un%t volume /li. ~ ita radicactive

decay constant, 1T; = A-L‘ — average residence time of element

in +the atmosphere [I]

Till recently the wvalue T wag incidentally estimated by
means of formula (3.I) in different points of the globe. In
I959-K960 near Moscow an attempt was made to find the seasonal
variations of T from measurements of radon and RaD concentration
in the ground air layer. The obtained results are given in Table
VI. No distinct seasonal veriaticns of T  have been detected, but
the minimum values observed in February, September and October,
should be mentioned.

The use of formula (3.I) for estimating the average removal
rate of radioactive serosols gives unsatisfactory results, since
the obtaired estimate describes quahtitatively the resulting
effect produced by different processes remaving aerosol from
different atmospheric layers II . Thus the residence time of

. different isotopes estimated by meams of formula (3.1I) appears to
be different, what is obviously not true for the aerosols — carriers
of these isotopes, We proposed the model which permits as a first
epproximation to find & separate contribution ta T from  two
fundeamental processes: turbuleht aerosol diffusion in the tropbsphere
and aerosol washout by clouds end Precipitation in the lower
o troposphere [II]‘ . v
_"""""" In the proposed model @ horizontally homogeneous twolayer

: troposphere was assumed havizg a single constant vertical turbulent
diffusion coefficient Kz throughout the entire tropogphere. It is
further agsumed thet in the lower layer stationary removal of
radiocactive aerosol occurs, following the first order kinetics law
and heaving a congtant average washout coefficient G throughout
the entire layer. As a first approximation the wasliout af the
short-lived isotopes was not taken into account and - they were
considered to be in radioactive equilibrium with radon,
. Four isotopes are thus considered here: 0) Rh ( Rh 112:
S 383
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= 3.85 days); I) RaD (PE“O’ Ty /o= 22.3 years); 2) RaE(Bi”}o
= 5.0 days) and 3) Raf (P2®,7;/, = 138 deys).

Vertical distribution of volume concentration (‘}L (z) :

(i= 0.4, 2, 3) of these isotopes is found in [M] by solving a
gystem of ordinary differential equations of turbulent diffusion
with suitable boundary conditions at ground level (Z2=0 ), E—r o
and at the boundary separating both layers ( z=11 ). The gpecific
activity ratio for a pair of decay chain isotopes at a level F-24

T1/2
Tryz

expressed by:
Mg/ Mg (X7 (2.3,%), k>i, o

was found tn depend on radioactive decay isotope constants /1;‘
and on dimensionless paremeters:

2-6/2 ; %= h{LJK, . (3.3)

The value of 'K(ik) is determined from measurements of the isotope
concentration ratio in the ground layer and in precipitation. The
following two extreme assumptions are fnade in the last case: A&)
the specific isotope concentration ratio in rain water was equal
to the average concentration ratio in air over layer 0K E<X LI :

(%) 1
Xa (§|X)=/lk QK/ALOU 0, =T S %(Z)")Z -+ (3.4)
]

Thig means that radioactivation of rain drops occurs about equally
throughout the éntire washout layer. B) The ratic of the specific
isotope concentrations in rain water was equel to K;che ratio of
these concentrations in air a level of z =L1 : XE (lq) g \ X))
i.e, radioactivation of rain drops occurs mainly in the upper
part of the cloud layer [11] . X

The calculated graphs, given in LII] show/}:he dependence of
the dimensionless washout coefficient = 6’/ A, on the ratio
- of Bpe(i ic activities of RaD/Rn, RaF/R?D RaE/RaD in gr?!\:)nd levgl
air : 2:0) 1in precipitations: Xi (case A4), X'-' (Z:L)(case B)
for a number of parameteritvalues. Prom these graphs and published
results of such measurements of these isotopes specific act‘ivity
ratios values oftwere determined. The values of £ obtained for the

383
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game value of ¥ for different isotope pairs appeared to be

close to one another and the values of t= 4/6":5.56/ (days) -
close to the residence time of aserosols inm the lower troposphere
(1-I0 days), calculated by means af a formula of the form (3.I).
With measured Ka E/RQD ratios and the assumption B) the value‘s
of G obtained for all values of £ , are unreaily overestimated
and coincide with the estimates of its "instantaneocus" values

during the fain [I2] .

The single-valued determination of % and § requires
gimultaneous concentration measurements in ground air for at least
three of the above mentioned isotopes. The results of such measu-
rements carried oul in Freiburg (FRG) in summer of 1957 and in
Moscow district at the end of 1963 together with the corresponding
values of &£ and are listed in Table VII. The obtained values
of 6 are of the same order of magnitude as the estimatesg of
the radicactive aerosol washout coefficient made by different
methods  II, I2 .,

Knowledge of the average radon exhalation rate E from soil
in the region during the ground concentration measurements permits
to estimate the remaining parameters of the model - ’(2 and }’I
In the cases listed in Table VII these estimates were obtained
from the relation qw (0):: E/\}/]c Kz following from (I.I) aréd
from formula (3.3), with the average value of E = 40 atomg/cm min
They are for Freiburg - Rz = 25 sq.m/sec; h: 3.8 km; for Moscow
district - Ry = 4.2 - 8.3 sq.cm/sec; h = 0.7 - I.I km.

These dre very rough estimates since in the assumed model
the decrease of Kz with decreasing 2 in the ground layer, where
me asurements were carried out, was not taken into account end the
méasuz}ements of E were inaccurate and quite insufficient in
number (§ I).

Estimatéa of washout coefficient 6 of radioactive aerosols
containing Qa:f] almost coinciding =ith the above estimates, were
obtained for a three-layer model of a horizontally homogeneous
stationary atmosphere described in § 2, Making use of the estimates
of the vertical turbulent diffusion coefficient ’(a in the troposp-
"here obtained in § I, it ig possible to find unambiguously rather
cloge limits within which the washout coefficient 5\' and the
height of the washout layer h should lie, in order to obtain the
measgured v;al3ue of the RaD concentration at the tropopause level l’lr

- I0 -

»
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For these concentration values given in Pig. 2 at measurement
points, in latitudes 70°N and JSON, the followlng wvalues, are
obtained: 6= 3.2: 4.43(10"G sec"I) and h= T < 9 km. The latter
value corresponds to the average level at which the upper cloud

edge of the upper cloud léyer is situated, which thus alsc takes
part in the removal process of aerosol from the troposphere..

§ 4. The use of radioactive isotopes in synoptic
investigations

Radioacf:ivity of air and precipitations can be used in
synoptic investigstions of vertical and horisontal transport,
interaction and transformation of air masses. The problem to be
congidered and the conditions of the study‘determine“the choice

of isotopes (or their combination) as a tracer. It is convenient f.
inst. to use isotopes of stratospheric origin (natural cosmogenic
isotopes, or nuclear bomb debris during periods £ree of nuclear |
weapon tests) in the study of stratospheric sir transport into the
troposphere. Transfer of tropospheric air into the stratosphere can
be determined by the change of radon and ite decay product comtent

in the siratospheric air samples.

The gross béta‘ activity of fiésion products was chogen as the
gtratospheric air tracer in the study of synoptic conditions for
étratospheric a ir transfer into the troposphere. The daily fields of
£rass beta activity of artificial origin in grdund level air over
a wide territory in temperate latitudes were compared with the
300 mb isobaric surface charts and weather charts. We consider the
suddénly appearing and csharply outlined regious of high level

~ground air radicactivity as having been formed by air magses of
recent gtratospheric origin so the conditions for their appearance

being favourable for the penetration of gtratospheric air into
the lower troposphere.It was found that: I) In an overwhelming
majority of cases the "radioactive spots" near the ground appeared
behind the cold fronts in the rear of the well developed cyclones,

2) The appearence of these "spats®™ was often accompanied by the
formation of & ridge in the lower troposphere; 3) During the following
days such a ™apot"™ was usually moving along the ridge periphery
to the south-western then western and north-western directions up

383
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to the moment when conditions for condensation and ascending

motions arose; The above considered synoptic situation was

usually accompanied in the upper troposphere by an intersive trough
of a sharp profile and very high wind velocities on its periphery;
5. As a rule the length of such troughs was about several thousand:
kilometres, but ground level radioactive "spo ts" most often appeared
under the southern part of the trough, where on its axis, to the
left of the jet steam a sharp decrease of baric gradients and wind
velocities was observed. In many cases in this part. of the trough
formation of a cut-off upper cyclone occured.

The revealed conditions of the atmospheric process development
in the lower and upper troposphere under which penetration of
stratospheric air into the ground layer takes place, permitted
not only to understand better the mechanism of this transfer and
of the radioactive fallout patterns but also to come near to
forecasting the appearance of high radloactivn.ty level regions in
the surface air, ‘

Different radloactlve characterlatlcs of the ground level air
(Rn, RaD, Sr90 and gross beta activity concentratione) obtained
in summer [960 at.a research ship on its passage from Odessa to
Vladivostok combined with the results of synoptic studies permitted
on the one hand to show the influence of atomospheric processes |
on global distribution of radicactive isotopes in the tropical
regions and on the other handto refine the analysig of the atomosp-
heric processes from radioactivi ty characteristics. The high levels
of long-lived fission product concentration to the north and low
ones to the south from the tropical convergence zone comnected
with the axis of the soutern Asia summer depression (Fig.3).
show its role as a barrier to the interlatitude air mixing.

» The most significant increase‘ in radioisotope concentration

in the equatorlal zone co:mcided with the change in wind direction
when the shlp passed from the air current system of the northern
hemlsphere into that of the southern hemisphere. Theee increases
and the observed Weather conditions permtted to assume the
existence in the equatorial region of the Indian ocean of a second
convergence zone, separdting the 1ow radloactlvity level air of

the northern part of the Indian ocean from the higzher radloactlvn.ty
‘level air arriving from the southern hemisphere (see fig. 3@. Durtng

383
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the period under consideration in the southern (winter) hemisphere
synoptic conditions existed for the penetration of stratopheric
air into the lowexr toposphere over the Australian r:gion and for
its further displacement over the Indian ocean towards the

- equatorial zone.

Observations of fresh fisslon product spreading carried out
in fall and winter of I96I-62 at a research ship in the troposphere
of equatorial Pacific permitted to estimate its meridional
velocity,

The value of this velocity (I,0 km/hour) was found to be
- close to its estimate I,3 km/h, obtained from the observations

canled out on the 80°W meridional network of stations for the
same perlod [IB]

Qg_nclus:.on

From the above given brief survey of me teorologic investigations
by means of radioactive isotopes the breadth and fruitfulness of
this new trend in meteorclogy can be seen. It occupies an important
place in the new branch of atmospheric physics-nuclear meteorology.

Further developments in this direction require a sharp
increase in the number of measurements of natural radioactive
‘isotopes particularly in a free atmosphere during different seasons
in different geographic regions, as well as a close cooperation
of physicists and meteorologists in obtaining and interpreting
the results of such measurements.
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Teble T. Vertical turbulent diffusion coefficient
at I m levelk, (mz/sec) for ground inversion conditions

Date and time ‘ 9(3_&&_@_\ k Meteorological
of measurements E * estimates of k,
- (sec/m) from (I.3)

I3/VIII 2Ih 30m 1.7x10° 0.0I 0.003
I4/VIII Ih 0Om 2.9x10° 0.005 0.009
I4/VIIT S5h 00m . 6.4x10° 0.0008 0.0015
15/VIII 20h 30m I1.7x10° 0.0I \ 0.0024
16/VIII Oh 00m 4.2x10° 0.00I ~ 0.0024
I6/VIII 4h 30m 6.0xI0° = 0.0008 0.0015

Table II. Verticael turbulent diffusion coefficient K,
(mz/sec) in layer 0-300 m and under ground inversion
conditions ‘

Date and time of inversion AT in invers-

measurements altitude (m) K, 2 i(%fé) layer

6/1X 22-23h - I00 0.003 -4
o ‘ /to 25m/ :
I0/VIII 2I-22h ' 75 0.04 3.0 ~T.
3/IX 20~-2Ih 75 0.0054 - ‘ -2
2I/1IX I9-20h 75 . 0.05I  0.48 -2.9

Tablev IIT.Vertical turbulent diff‘us‘ion coefficient \(2
e (m?‘/sec) in the troposphere from aircraft measurements

Meteorological Region of Levels of Number K, values
conditions measurements measurements of measu-

(km) rement s average varistion

: . range

Stable stratified U.S.S.R.  0,05-I,0 12 3 0,4-30

troposphere territory I,0-5,0 I2 50 20-1000

In the convection Buropian = | | |

layer ~ part of USSR 0,05-I,5 = 9 | 50-3000

I Middle 0,05-4,0 II - s0-104
Asia ’

B L
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Table IV, Turbulent diffusion coefficient \<?: of natural
radiaactive aerosols in the stratosphere (mz/sec)

Latitude ry =0.03 r o= 0.1}& =03 pn

May Noavember May November May November

70°N 0.087 - 0.045 0.I8 0.II 0.38 0.27
359 0.I3 0.068 0.24 0.14 0.47 0.22
10°N 0.044  0.044 0.12 0.I2 0.29 0.29
40°s 0.054  0.I3 0.I3 0.22 0.30 0.46

Table V.®w and RaD atom fluxes (IO22 atoms /year) and
their average residence timeT(years) in the stratospheres

& of the northern and southern hemispheres m‘m
L1,=6.% 10™atoms ; TH™ 020 | 1o=6.1 0% atome . TT o= 0.19

Cy “Wsw\ —~ .“.lhm T “(Rw\ “‘Rﬂ)) < “'C:‘:{fsv _“.\Ru\ /“(M’D\

_b‘") TN v VS VS TS ST s Tos[ Vivas
0.3 4.I I.6 3.9 TI.6 0.8 4.5 I.3 I. 0.22
0.I 3.0 2.I 2.8 2.3 0.6 3.2 I. . 0.22
0.032.2 2.8 2,0 3.I 0.5 2.3 2. . 0.22

Table VI, Monthly sverage Rw and ReD concentration in
ground lzyer of the atmosphere and value of T from
measurements in Moscow district (I959-I960) -

Months tITIV V VI VII 9III IX X XI  XIT

Rn concentration ‘

in 10" Pu/m? 1.2 0.6 0.7 0.4 0.3 0.4 0.6 0.8 0.6 I.0 .0 T.6

- RaD concentration - ' ‘

in 107Pcu/m?  II.6 3.9 8.7 5.0 4.7 4.2 7.6 8.3 4.6 7.3 20.4 T2.5

C (days) I.I 0.8 1I.41I.51I.8 I.2I.4 1.2 0.9 0.8 2.3 TI.0
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Table VII. Washou_.t coefficient 6 and average resideice

time

T

in the atmosphere of long-lived radon decay products

Locality and

~‘Esfor ratio 6

Ratio of ac~ T (days) 1
time of mea- tivities for ratio gec
surements : ‘ e
| ReD  RaE  RaD RaE = RaD  RaE

Rw RaD Rw RaD - Re RaD
Moscow , .
district x) -4 : -5
X-XI-63 J7/¥ 1.1x107% 0.47 1.3 8.4 0.37 9.5  9.I I.9xI0
Moscow ‘
digtrict x) -4 : ‘ -5
XI1-63 /47 0.9xI077 0.32  I.0 4.5 0.70 6.3 2.2 I.4xI0
Fre_ibﬁrg
-Summer 57
/39/=) Tax1074 0,07 2.1 2r) 1 2.2 2.3%¥4.7x1076

x) The brackets indicate the number of measurements used in

averaging.

XX) Phege values are determined for the activity ratio RaF/RaD,

383
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Fig,2, Meridional distribution of Ra D concentration (d.p.m.per kg of air) in
May of I960-6X at levels: of 4,6 km; of the tropopause (h'l‘ ; of 3 km below the
tropopause ‘(hT-3km); of 2,5 and 8 km above the tropopause QhT+2km etc); and =&

hystogram of the land area percent in the zonal belt,
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Fig.3. A synoptical chart on July I6 of 1960 and the supposed situation of the

second convergence ‘zone (dotted line) in the equatorial region; mom—m= - the
dividi_ng‘zone,connected with the South-Asia depression and ® - the ship's si-
tuatioms - BRRLY ; o
o : L 18 -
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